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ABSTRACT
The widespread contamination of animal feed with mycotoxin is not a new issue worldwide. 
Apart from economic loss, mycotoxin can have adverse health effects on humans due to 
the carcinogenicity, teratogenicity and mutagenicity potential of the toxins. Palm kernel 
cake (PKC) is the largest animal feed production in Malaysia. PKC is a by-product of palm 
kernel oil processing and it has been exported as animal feed. The purpose of this study was 
to isolate and characterise toxigenic fungi cultured in three different media, Dichloran Rose 
Bengal Chloramphenicol (DRBC) Agar, Dichloran 18% Glycerol (DG18) Agar and Malt 
Extract Agar (MEA), derived from PKC that is stored under three different temperatures, 
4°C, 25°C and 60°C. Identification of fungi was carried out based on macroscopy and 
microscopy as well as molecular identification. Four mycotoxigenic fungi were found: 
Aspergillus niger, Aspergillus flavus, Aspergillus fumigatus and Penicilium citrinum. In 
order to characterise polymorphism of the isolates, RAPD assay was performed using 
OPA 3 as the primer. The software resulted in a constructed dendrogram that revealed 
the percentage of similarities between the typable isolates (A. fumigatus, A. niger and P. 
citrinum) within range from 20% to 80%. The effect of storage temperature on the strains’ 
enumeration is reported in this work. The 
distributing strains are influenced by the 
storage temperature of the PKC matrices. 
The findings clearly show that Aspergillus 
species profused at 25°C PKC storage, while 
it was restricted at low and high temperature. 
Keywords: Mycotoxin, PKC, fungi, media, RAPD 
assay, temperature
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INTRODUCTION
Mycotoxins are secondary metabolites 
produced by mycotoxigenic fungi in 
conditions that are favourable for fungal 
growth. Mycotoxin contamination of 
agricultural crops and animal feed is a 
serious issue since it has undesirable 
consequences on human and animal health. 
Aspergillus spp., Penicillium spp. and 
Fusarium spp. are among the common 
types of mycotoxigenic fungi. Some of the 
common mycotoxins found in animal feed 
are aflatoxins and fumonisins.
Agriculture commodities are easily 
contaminated by fungi, in particular 
Aspergillus  spp, when their storage 
conditions are favourable for fungi growth. 
This is a serious concern since Aspergillus 
spp. are capable of producing aflatoxins. 
Aflatoxins are produced by a number of 
strains of A. flavus and A. parasiticus in a 
variety of commodities that include cereals, 
figs, oilseeds, nuts and tobacco (Diener et 
al., 1987). Mycotoxin contamination of 
animal feed results in a reduction of its 
nutritional value; this is highly undesirable 
as it has unfavourable consequences on 
human and animal health.
The l i terature pertaining to the 
evaluation of protocols and methods used 
to define the relationship between isolates 
has increased significantly over the years. 
Randomly amplified polymorphic DNA 
(RAPD) has been highlighted by many 
researchers as the most convenient method 
for this purpose (Williams et al., 1990; 
Meyer et al., 1991). RAPD involves the 
application of short primers followed by 
PCR analysis using a large template of 
genomic DNA. These short primers will or 
will not amplify the DNA template. This 
process is dependent on the positions that 
are complementary to the sequence of the 
primers. 
Malaysia is one of the major producers 
of palm oil and palm oil products in the 
world. The increasing demand for palm 
oil over the years has led to the increase in 
the production of palm kernel cake (PKC). 
In 2009, Malaysia produced 17.56 million 
tonnes of palm oil, from which 2.31 million 
tonnes of PKC were produced on 4.69 
million hectares of planted land, and it is 
projected that these values will increase 
over the years (MPOB, 2009). In 2002, 
almost 4 million metric tonnes of PKC 
were generated all over the world (Atasie 
& Akinhanmi, 2009) and in 2006, Malaysia 
contributed 2.20 million tonnes of PKC and 
exported about 2.12 million tonnes of it 
(Ong et al., 2004). As little is known about 
fungi profiles isolated from PKC, the aim of 
this study was to isolate and identify fungi 
isolated from PKC and to determine the 
effect of media and temperature on fungal 
growth.
MATERIALS AND METHOD
Sample Collection
Samples of PKC (2 kg per pack) were 
collected from four different manufacturers 
in Selangor, Malaysia. The samples were 
kept at 4°C prior to being transported to the 
lab for further analysis.
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Statistical analysis. The results were 
analysed using Analysis of Variance 
(ANOVA) by Minitab Statistical Software 
v.14 (Minitab Inc., State College, Pa., 
U.S.A.). One-way ANOVA was used to 
evaluate the mean differences in a) the 
culture medium of DRBC at the temperatures 
of 4°C, 25°C and 60°C (p=0.794); b) the 
culture medium of DG18 at the temperatures 
of 4°C, 25°C and 60°C, and; c) the culture 
medium of MEA at the temperatures of 4°C, 
25°C and 60°C. The significance between 
the differences were determined using 
Tukey’s multiple comparisons test. 
Macroscopic and Microscopic Analysis
M a c r o s c o p i c  d e s c r i p t i o n .  T h e 
morphological description of fungi was 
conducted according to the procedure 
given by Gao et al. (2007) with some 
modification. This procedure was carried 
out after five days of incubation at 28°C. 
The characteristics measured and observed 
by the naked eye were the diameter, colour, 
texture and underside (reverse) colour of 
the colonies. The micromorphological and 
structural characteristics of the colonies were 
measured using a dissecting microscope, 
namely the size of the metulae, shape of the 
conidial heads, the length, width and colour 
of the stipes, the shape, size and seriation of 
the vesicles and foot cell colour as well as 
the size of the phialides. 
Microscopic observation. Taxonomic 
identification of the genera and species 
was performed based on microscopic 
Sample Preparation
A mass of 2 kg of samples were milled 
and divided into three parts. They were 
incubated at three temperatures, 4°C, 25°C 
and 60°C, for two weeks.
Isolation and Quantification of Fungi 
Frequency of isolation of fungal species 
and total fungal count in palm kernel 
cake (PKC). Isolation and quantification of 
fungi were carried out in accordance with 
the procedure described by West (2009). 
The DRBC, DG18 and MEA culture media 
were used for comparative study of viable 
fungi-collecting media. A mass of 10 g of 
a PKC sample was weighed, after which 
sterile peptone water 0.1% (w/v) was added 
to it. The solution was homogenised using 
Stomacher® for 5 min and then put through 
serial dilution (10-1, 10-2, 10-3 and 10-4). It 
should be kept in mind that the elapsed 
time between the cessation of mixing in 
the dilution tube and the withdrawal of 
the sample using a pipette should not be 
more than a few seconds. Following this, 
100 µl of each dilution was spread onto 
the surface of the DRBC, DG18 and MEA 
solid culture media using the spread plate 
method. The DRBC, DG18 and MEA plates 
were then incubated at 28°C. Each plate 
was prepared in triplicate. After five days of 
incubation, the fungal colonies were counted 
using a colony counter and expressed as 
the number of colonies forming units per 
gram (CFU/g). The isolates of Aspergillus 
spp. and Penicillium spp. were further sub-
cultured onto potato dextrose agar (PDA).
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characteristics of the fungi by referring to 
the standard key (Pitt & Hocking, 1997). The 
mass of hydrophobic conidia from harvested 
mycelia were removed using ethanol 90% 
(v/v) and stained with lactophenol blue 
solution and observed microscopically.
Molecular Analysis 
DNA extraction. Genomic DNA of fungi 
was extracted according to the procedure 
described by Gonzalez-Mendoza et al. 
(2010) with some modification. Mycelia 
along with their agars were harvested and 
each mixed with 200 µl of Tris-EDTA 
(TE) buffer solution in a microcentrifuge 
tube. Following this, purified water was 
added into the microcentrifuge tube until 
the volume of the solution was 100 mL. 
The homogenised mixture was centrifuged 
at 13,200 rpm for 5 min until two layers 
formed in the microcentrifuge tube. The 
first layer was collected and discarded. The 
suspension left was slowly mixed with 0.2 
mL phenol:chloroform (1:1) and incubated 
at 65°C for 5 min. The remaining suspension 
in the microcentrifuge tube was slowly 
mixed with 0.2 mL of phenol:chloroform 
(1:1) and incubated at 65°C for 5 min. 
Following this, 0.4 mL of isopropanol was 
added and mixed, and the mixture was then 
incubated at 20°C for 20 min. The mixture 
was then centrifuged at 10,000 rpm for 10 
min. The supernatant was discarded and the 
pellet was washed twice with 75% ethanol. 
The suspension was centrifuged at 13,200 
rpm for 5 min and the pellet was suspended 
with 50 µl of TE buffer consisting of 100 
mL of Tris-HCl, 20 mL of 0.5 M EDTA 
and 880 mL of purified water. The prepared 
DNA of the fungi was kept in a freezer at the 
temperature -20°C until further use.  
Randomly amplified polymorphic 
DNA polymerase chain reaction (PCR) 
amplification. Polymerase chain reaction 
(PCR) assays were carried out in a DNA 
thermal cycler (Applied Biosystems 
2720 thermal cycler, USA). The PCR 
amplification protocol was programmed 
as follows: (1) initial denaturation at 94°C 
for 5 min; (2) 45 cycles of  denaturation at 
94°C for 1 min; (3) annealing at 36°C for 1 
min; (4) extension at 72°C for 1 min; and (5) 
final extension at 72°C for 10 min. The 25 
µl mixture of PCR amplification consisted 
of 5 µl of PCR buffer, 3 µl of 2 mM MgCl2, 
0.5 µl of dNTP, 0.3 µl of Taq polymerase, 
1.0 µl of primers, 4 µl of DNA template 
and 11.2 µl of sterile double distilled water. 
PCR kits were purchased from Promega 
(Madison, WI, USA) and the primers were 
synthesised by 1st BASE Laboratories Sdn. 
Bhd., Selangor.
The PCR products were analysed on 1 
% agarose gel in 0.5 X TBE buffer (54 g 
of Tris base, 27.5 g of Boric acid, 2.92 g of 
EDTA). The DNA ladder was used as the 
molecular size marker. DNA bands were 
stained with ethidium bromide and viewed 
under UV light. Thirteen primers were 
randomly screened as shown in Table 1.
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RAPD analysis software. The DNA 
product was analysed by means of computer 
generated software, GelCompare 4.2 
(Applied Maths, Belgium). A dendrogram 
was created using GelCompare 4.2 to 
observe the relatedness and similarities 
between the fungi isolates. A similarity 
coefficient curve was drawn based on 
Pearson correlation and dice band based with 
1 % position tolerance. The Unweighted Pair 
Group Linkage Analysis method (UPGMA) 
was chosen for dendrogram construction.
RESULTS AND DISCUSSION
Isolation of Fungi
The growth of fungi in the PKC samples 
was analysed in the different temperatures 
used for PKC storage of 4°C, 25°C and 
60°C using three different types of culture 
media, which were DG18, DRBC and MEA. 
In order to see the range of suitable storage 
temperatures for PKC in the industry, the 
stated temperatures were selected. The 
occurrence and quantification of fungi by 
mean in various selected temperatures and 
media are summarised in Table 1. 
Table 1 
Screened primers for rapd-pcr characterisation of 
fungi isolates 
Code Sequence
OPA3 AGT CAG CCAC
OPA8 GTG ATC GCAG
OPA10 CAG CAC CCAC
OPA17 GAC CGC TTGT
OPA18 AGG TGA CCGT
OPA20 GTT GCG ATCC
OPB3 CAT CCC CCTG
OPB8 GTC CAC ACGG
OPB10 CTG CTG GGAC
OPB13 TTC CCC CGCT
OPB17 AGG GAA CGAG
OPB18 CCA CAG CAGT
OPB20 GGA CCC TTAC
Table 2 
Effect of culture medium and storage temperature on the frequency of fungi in the pkc samples (log cfu/g)s 
Palm Oil Mill Culture Medium Temperature
4°C 25°C 60°C
1 DG18 3.79 3.68 2.64
DRBC 2.10 3.17 3.83
MEA 2.87 2.93 2.62
2 DG18 1.28 2.77 1.53
DRBC 1.53 3.92 3.69
MEA 1.20 3.00 1.62
3 DG18 0.00 0.00 0.00
DRBC 1.43 1.43 0.00
MEA 1.16 1.49 0.00
4 DG18 0.00 4.00 2.00
DRBC 1.00 1.00 1.00
MEA 2.10 0.00 0.00
Note: 1-4 values are means of the four different types of palm oil mills located in Klang. DRBC is Rose 
Bengal Chloramphenicol, DG18 is Dichloran 18 % glycerol and MEA is Malt Extract Agar
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In the present study, total filamentous 
fungi counts were in line with the value 
reported in cereal and mixed feed (Dalcero 
et al., 1997). In general, the total fungi 
counts obtained in this study did not exceed 
the log 5 CFU/g level proposed as a feed 
quality limit (Chelkowski, 1991). It can 
be seen that a storage temperature of 25°C 
resulted in the highest frequency of fungi 
in the PKC samples, whereas the lowest 
frequency of fungi was obtained for the 
storage temperature of 60°C. In addition, 
the DG18 culture medium gave the highest 
occurrence of fungi compared to the DRBC 
and MEA culture media. 
The one-way ANOVA statistical analysis 
showed that there were no significant 
differences (p>0.05) between a) the culture 
medium of DRBC at the temperatures of 
4°C, 25°C and 60°C (p=0.794); b) the culture 
medium of DG18 at the temperatures of 4°C, 
25°C and 60°C, and; c) the culture medium 
of MEA at the temperatures of 4°C, 25°C 
and 60°C where the p-values were equal 
to 0.794, 0.785 and 0.612, respectively. In 
addition, the statistical analysis also proved 
that there were no significant differences 
between a) the temperatures of 4°C, 25°C 
and 60°C at which the DRBC culture 
medium was stored; b) the temperatures 
of 4°C, 25°C and 60°C at which the DG18 
culture medium was stored, and; c) the 
temperatures of 4°C, 25°C and 60°C at 
which the MEA culture media was stored 
where the p-values were equal at 0.678, 
0.487 and 0.587, respectively.
The distribution of fungal species 
differred from one palm oil mill to another, 
which may have been due to the fact that 
each palm oil mill had its own method of 
storing PKC. Some palm oil mills may not 
have dedicated storage facilities for PKC 
and unfavourable storage conditions might 
have promoted the growth of fungi in the 
PKC, particularly that of the Aspergillus 
species. 
The findings demonstrated that the 
fungi were readily isolated using the three 
media of DRBC, DG18 and MEA. However, 
it can be observed that the use of DRBC 
and DG18 culture media maximised the 
collection of fungi from the PKC samples. 
Moreover, the fungal colonies on DG18 and 
DRBC were clearer and the growth of the 
fungal colonies were slower in these media 
compared with their growth in the MEA 
culture medium. This finding was similar 
to the results of Al-Gabr et al. (2013); the 
outcome can be attributed to the ingredients 
in the culture media i.e. dichloran and 
chloramphenicol. Dichloran functions as an 
anti-fungal agent that prevents fungi from 
overgrowing, whereas the chloramphenicol 
in the DRBC and DG18 culture media 
restricted the growth of bacteria from 
the environment from contaminating the 
PKC samples. According to King et al. 
(1979), the DRBC culture medium is 
recommended for enumeration of yeasts 
and moulds. In addition, photodegradation 
of the DRBC culture medium resulted in 
a reactive oxygen species that inhibited 
the growth of Saccharomyces (Chilvers et 
al., 1999) and possibly other yeasts. The 
result, however, contradicted what had been 
defined previously, as the study represented 
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the optimum growth of fungi appearring 
in DG18, perhaps due to the development 
of yeast colonies inhibited in the medium 
(Deak et al., 2001). Based on the results 
obtained in this study, it can be deduced 
that DG18 is an excellent culture medium 
for the isolation of fungi from PKC samples 
and the storage temperature i.e. incubation 
temperature that results in the highest 
frequency of fungi is 25°C.
Macroscopic and Microscopic 
Characteristics of Fungi
Mycological analysis of PKC genotypes 
reported the existence of four principal 
genera filamentous fungi considered as 
the most important from a toxicological 
perspective. Mycological examination of 
PKC indicated three species of Aspergillus 
and one species of Penicillium. A total of 30 
strains were isolated from the PKC matrices. 
Each of these species is discussed in the 
following sub-sections.
Aspergillus fumigatus.  
Macromorphology of A. fumigatus. The 
diameter of the A. fumigatus isolates 
inoculated at three points on the PDA culture 
medium was within a range of 20-55 mm 
after five days of incubation. It could be 
observed that the fungal colonies did not 
overlap each other, as shown in Figure 1. 
Referring to the conidia of the isolates in 
Figure 1(a), it could be seen that the colour 
of the fungal colonies varied from bluish 
green to turquoise, whereas the texture of 
the fungal colonies appeared dense and 
smooth. From the underside, it could be 
seen that the colour of the fungal colonies 
varied from white to pale yellow, as shown 
in Figure 1(b). 
Figure 1. Image of A. fumigatus on PDA: (a) top view; (b) underside view
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Figure 1. Image of A. fumigatus on PDA: (a) top view, (b) underside view. 
 
 
Micromorphology of A. fumigatus.  Figure 2 shows an image of A. fumigatus as viewed 
under a microscope with 40× magnification. It could be observed that the conidial heads 
ranged from spatulate to pyriform. The length and width of the stipes were found to be 
within the range of 10-25 µm and 0.5-1.0 µm, respectively. The stipes and foot cells of 
the A. fumigatus isolates appeared colourless. The shape of the vesicles was subglobose. 
The seriation of the vesicles varied from radiate to columnar for most of the isolates, 
while some were biseriate and uniseriate, as shown in Figure 2. 
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the isolates, while some were biseriate and 
uniseriate, as shown in Figure 2.
Aspergillus niger  
Macromorphology of A. niger. The diameter 
of A. niger isolates was within a range of 
30-55 mm. The colour of the outer area 
of the fungal colonies was white and the 
fungal colonies did not overlap one another. 
Referring to the conidia of the isolates 
as seen in Figure 3(a), the colour of the 
fungal colonies was dark brown while their 
texture was rough, fluffy and less dense. In 
contrast, the colour of the fungal colonies on 
the reverse side varied from pale yellow to 
yellow at the centre and the fungal colonies 
were colourless near the edges, as shown in 
Figure 3(b). 
Figure 2. Image of A. fumigatus as viewed under a 
microscope with 40× magnification
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Figure 3. Image of A. niger on PDA: (a) top view, (b) underside view. 
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were colourless, whereas the colour of the foot cells was pale brown. The shape of the 
vesicles was spherical, with a diameter ranging from 1.0 to 2.5 µm. The seriation of the 
vesicles varied from radiate to columnar for the A. niger isolates, while some were 
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Figure 4. Image of A. niger as viewed under a 
microscope with 40× magnification
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Aspergillus flavus.   
Macromorphology of A. flavus.  The diameter of the A. flavus isolates inoculated at three 
points on the PDA culture medium was within a range of 25-35 mm after five days of 
incubation. The fungal colonies did not overlap one another, as shown in Figure 5. As 
seen in Figure 5(a), the colour of the fungal colonies in the conidia varied from olive 
green to yellowish green at the centre, while the colour at the edges was white. The 
texture of the fungal colonies was rough, less dense and somewhat fluffy. The colony 
reverse colour was generally colourless, but may appear brownish yellow in some areas, 
as shown in Figure 5(b). Dark yellow sclerotia were also present in some colonies, with 
various shapes and sizes.  
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Aspergillus flavus 
Macromorphology of A. flavus. The 
diameter of the A. flavus isolates inoculated 
at three points on the PDA culture medium 
was within a range of 25-35 mm after five 
days of incubation. The fungal colonies did 
not overlap one another, as shown in Figure 
5. As seen in Figure 5(a), the colour of the 
fungal colonies in the conidia varied from 
olive green to yellowish green at the centre, 
while the colour at the edges was white. The 
texture of the fungal colonies was rough, 
less dense and somewhat fluffy. The colony 
reverse colour was generally colourless, 
but may appear brownish yellow in some 
areas, as shown in Figure 5(b). Dark yellow 
sclerotia were also present in some colonies, 
with various shapes and sizes. 
Figure 5. Image of A. flavus on PDA: (a) top view, (b) underside view
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Figure 5. Image of A. flavus on PDA: (a) top view, (b) underside view. 
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Penicillium citrinum 
Macromorphology of P. citrinum. The top 
view and underside view of P. citrinum on 
PDA culture media at 25°C after five days 
of incubation is shown in Figure 7(a) and 
Figure 7(b), respectively. The diameter of 
Figure 6. Image of A. flavus as viewed under a 
microscope with 40× magnification
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the fungal colonies was found to be within 
a range of 12-15 mm. The fungal colonies 
had compact, dense conidiophores that were 
bluish green in colour. From the underside, 
it could be seen that the colour of the fungal 
colonies was yellowish orange, as shown in 
Figure 7(b).
Figure 7. Image of P. citrinum on PDA: (a) top view, (b) underside view
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Micromorphology of P. citrinum.  Figure 8 shows an image of P. citrinum as viewed 
under a microscope with 40× magnification. Unlike Aspergillus spp., the conidia heads of 
P. citrinum were present in columns and the shape of the conidia heads varied from 
globose to subglobose, with a fine wall within a range of 2.5-3.0 µm. The growth of P. 
citrinum was rather fast on PDA compared to its growth on the DG18 culture medium. In 
addition, the fungal colonies appeared to be less dense. 
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Unlike Aspergillus spp., the conidia heads 
of P. citrinum were present in columns and 
the shape of the conidia heads varied from 
globose to subglobose, with a fine wall 
within a range of 2.5-3.0 µm. The growth 
of P. citrinum was rather fast on PDA 
compared to its growth on the DG18 culture 
medium. In addition, the fungal colonies 
appeared to be less dense.
Figure 8. Image of P. citrinum as viewed under a 
microscope with 40× magnification
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Randomly amplified polymorphic DNA cluster analysis.  In this study, it was found 
that three out of four species, A. fumigatus, A. niger and P. citrinum, were typable on the 
RAPD assay when OPA 3 was used as the primer. Only A. flavus was not amplified by 
the primer. Thirteen primers were preliminarily assessed for RAPD PCR and only one 
primer was chosen based on its ability to produce consistent, distinguishable fragment 
patterns. The bands produced from the OPA 3 primer had a band size within a range of 
1500-200 bp. The gel obtained from gel electrophoresis was analysed using the 
GelCompare 4.2 software to construct the dendrogram, as shown in Figure 9. The 
dendrogram was constructed based on the RAPD profiles generated using the OPA 3 
primer. 
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that three out of four species, A. fumigatus, 
A. niger and P. citrinum, were typable on 
the RAPD assay when OPA 3 was used as 
the primer. Only A. flavus was not amplified 
by the primer. Thirteen primers were 
preliminarily assessed for RAPD PCR and 
only one primer was chosen based on its 
ability to produce consistent, distinguishable 
fragment patterns. The bands produced from 
the OPA 3 primer had a band size within 
a range of 1500-200 bp. The gel obtained 
from gel electrophoresis was analysed using 
the GelCompare 4.2 software to construct 
the dendrogram, as shown in Figure 9. The 
dendrogram was constructed based on the 
RAPD profiles generated using the OPA 3 
primer.
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The dendrogram in Figure 9 showed that the 
cluster was divided into two main groups, 
Group A and Group B, which consisted 
of 14 RAPD profiles. Only three strains 
were present in Group A: one strain of A. 
fumigatus and two strains of P. citrinum. 
In this segment, the strain of A. fumigatus 
was isolated from the MEA culture medium 
stored at the temperature of 25°C. The two 
strains of P. citrinum were isolated from 
the DRBC culture medium at the storage 
temperature of 4°C.
Group B consisted of two main types 
of fungal species, with a total of 11 RAPD 
profiles. The first type consisted of six 
strains of A. fumigatus, making this group 
the largest among all the groups. In general, 
the origins of the fungal isolates in this 
segment were different. Two strains of A. 
fumigatus were isolated from the MEA 
culture medium at a storage temperature of 
4°C, whereas one strain of A. fumigatus was 
isolated from the same medium at a storage 
temperature of 25°C. In addition, two 
strains of A. fumigatus from this group were 
isolated from the DRBC culture medium at 
25°C and 60°C. One strain of A. fumigatus 
was also isolated from the DG18 culture 
medium at 4°C. 
The second type of fungal species from 
Group B consisted of four strains of A. 
fumigatus and one strain of A. niger. Three 
strains of A. fumigatus in this group were 
isolated at the same storage temperature 
of 4°C; however, two strains were isolated 
from the DRBC culture medium, whereas 
one strain was isolated from the MEA 
culture medium. One strain of A. fumigatus 
was also isolated from the MEA culture 
medium at a storage temperature of 25°C. 
Finally, one strain of A. niger was isolated 
from the DG18 culture medium, which was 
stored at the temperature of 4°C. It should be 
noted that only one fungal species, A. flavus, 
was not typable using the OPA 3 primer in 
addition to some strains of A. niger. 
RAPD was slightly different from 
conventional PCR analysis as it was not 
necessary for the analyst to have specialist 
knowledge regarding DNA sequence of the 
target organism. RAPD has been proven to 
be one of the quickest and easiest techniques 
for the detection of DNA polymorphism 
(Williams et al., 1990). RAPD is an 
alternative technique that can be used to 
distinguish genotypic variants (Meyer et 
al., 1991). RAPD basically involves the 
application of short primers followed by 
PCR analysis using a large genomic DNA 
template. These short primers will or will 
not amplify the DNA template. The process 
is generally dependent on the positions 
that are complementary to the sequence of 
primers. 
Figure 9. Dendrogram of typable fungi using OPA 3
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In this study, only one primer was 
chosen, OPA 3, since it was able to construct 
genetic polymorphism between most of 
the fungal isolates. The remaining 12 
primers were excluded from further analysis 
since they were not capable of producing 
consistent, distinguishable fragment patterns 
during gel electrophoresis. 
Based on the dendrogram shown in 
Figure 9, it could be seen that the similarity 
values between the isolates varied from 
20% to 80% for the primer, OPA 3. The 
total number of RAPD profiles was 14, 
and Group B was dominant among all the 
isolates, consisting of 11 RAPD profiles. 
This corresponded to 79% of the isolates 
and they all originated from the A. fumigatus 
species. Five strains of A. fumigatus were 
present in the MEA and DRBC culture 
media, and most of these strains were 
isolated at the storage temperature of 
4°C. Both of these culture media had low 
similarity values at the same temperature 
due to various factors such as differences 
in the composition of the culture media 
(Gorski et al., 2006). The fitness between 
strains was influenced by the composition of 
the culture media; for instance, enrichment 
of the culture media with antibiotics would 
facilitate the isolation process. In this study, 
the DRBC culture medium was enriched 
with chloramphenicol that was addded to 
the medium; chloramphenicol suppresses 
bacterial growth and enables the growth of 
fungi compared to unselective culture media 
such as MEA.  
Based on the results, Group A consisted 
of two fungal species, namely A. fumigatus 
and P. citrinum. There were differences 
between the two strains of P. citrinum even 
though they were isolated from the same 
culture medium (DRBC) at the same storage 
temperature (4°C). The differences between 
the P. citrinum isolates may have been due 
to genetic differences in the DNA (Buncic 
et al., 2001) such as differences in the 
serotypes or strains as well as the type of cell 
surface antigens. Furthermore, physiological 
differences may have led to low similarity 
values between the isolates.
CONCLUSION
In general, the frequency of fungi was at the 
highest at the storage temperature of 25°C, 
with a value of log 4.00 CFU/g. The DG18 
culture medium was found to be the best 
medium for the collection of mycotoxigenic 
fungi from the PKC samples. In addition, 
the fungal colonies were more visible in 
the DRBC and DG18 culture media and the 
growth of the fungal colonies was slower 
in these media compared to in the MEA 
culture medium. A total of 30 strains were 
isolated successfully from the PKC samples. 
Four fungal species were identified, A. 
fumigatus, A. niger, A. flavus and P. citrinum, 
based on their macromorphological and 
micromorphological characteristics. 
These species are potential producers 
of mycotoxins, particularly A. flavus, 
which is well-known as a potent aflatoxin 
producer. A dendrogram was constructed 
from the RAPD profiles of 30 isolates in 
order to determine the genetic relatedness 
and similarities between the isolates. The 
isolates were identified based on the band 
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patterns on the dendrogram. The similarity 
values between the typable isolates, A. 
fumigatus, A. niger and P. citrinum, were 
within a range of 20-80%. In general, the 
temperature at which the PKC samples were 
stored had a significant effect on the growth 
of mycotoxigenic fungi. 
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